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SERUM CHOLESTEROL LOWERING AGENT 



This invention relates to the use of Z-2-[4-(4-chloro-1,2-diphenyl-but-1- 
enyl)phenoxy]ethanol for lowering serum total or LDL cholesterol or 
increasing serum HDL cholesterol. 

5 It has been demonstrated that elevated levels of serum cholesterol 

associated wtth low density lipoproteins (LDL) are a major contributing factor 
in the development and progression of atherosclerosis. Low serum HDL 
cholesterol is an independent risk factor for atherosclerosis. Therefore it is 
desirable to provide a method for reducing serum total cholesterol or LDL 
1 0 cholesterol levels combined with an increasing effect on HDL cholesterol 
levels in patients with hypercholesterolemia or at risk of developing 
hypercholesterolemia. 

Z-2-[4-(4-chloro-1,2-diphenyl-but-1-enyl)phenoxy]ethanol, also known 
as (deaminohydroxy)toremifehe, having the chemical structure represented by 
1 5 formula, 




CKjCI 



is a metat>olite of known antiestrogen drug toremifene. Toremifene Is 
currently used clinically for the treatment of estrogen receptor positive breast 
cancer. 

2 0 Z-2-[4-{4-chloro-1 .2-diphenyl-but-1 -enyOphenoxyJethanol has been 

eariler descril>ed e.g. in Sipila, H, et al., "Metabolism of toremifene in the rat\ 
J. Steroid Blochem., 36, 3. 211-215, (1990), in Kangas, L. "Biochemical and 
phanmacological effects of torenrUfene metabolites", Cancer Chemother. 
Phannacol., (1990), 27, 8-12. In Anttila, M. et al., "Phannacokinetfcs of 

2 5 toremifene", J. Steroid Biochem., 36, 3, 249-252, (1990), In SImberg, N. et al, 
"In vitro and in vivo binding of toremifene and its metabolites in rat uterus", J. 
Steroid Biochem., 36, 3. 197-202, (1990), in Bishop, J. et al., "Phase I clinical 



wo 97/32574 PCT/FI97/00140 

2 

and pharmacokinetics study of high dose toremifene in postmenopausal 
patients with advanced breast cancer", Cancer Chemother. Pharmacol., 30, 
174-178 (1992) and in the applicant's International Patent Application No. 
PCT/FI95/00475. It was shown that this compound is active in producing the 
5 release of TGF-B but is devoid of significant homionai activity. 

Now it has been found that Z-2-[4-(4-chloro-1,2-diphenyl-but-1-enyl)- 
phenoxy]ethanol is active in lowering serum total and LDL cholesterol and 
increasing serum HDL cholesterol. Since this compound lack significant 
hormone associated side effects, it is especially suitable for lowering serum 
1 0 total or LDL cholesterol or increasing serum HDL cholesterol, as well as in the 
treatment or prevention of atherosclerosis. 

The invention provides a method of lowering serum total or LDL 
cholesterol levels or Increasing serum HDL cholesterol levels, which method 
comprises administering to a patient in need of such treatment an effective 

1 5 amount of Z-2-[4-(4*chioro-1,2-diphenyl*but-1-enyi)phenoxy]ethanol. 

The invention also provides a method for the prevention or treatment of 
atherosclerosis, which method comprises administering to a patient in need of 
such treatment an effective amount of Z-2-[4-(4-chloro-1,2Kiiphenyl-but-1* 
enyl)phenoxy]ethanol. 

2 0 The present invention also provides the use of Z-2-[4-(4-chloro-1,2- 

diphenyl-but-1-enyl)phenoxy]ethanol in the manufacture of a medicament for 
use in lowering serum total or LDL cholesterol levels or increasing serum HDL 
cholesterol levels. 

The invention also provides a pharmaceutical composition for use in 
25 lowering serum total or LDL cholesterol levels or increasing serum HDL 
cholesterol levels comprising an effective amount of Z-2H[4-(4-chioro-1,2* 
diphenyl-but-1-enyi)phenoxy]ethanoi. 

The invention also provides the use of Z-2-[4-(4-chloro-1,2-diphenyl- 
but-1-enyl)phenoxy]ethanol in the manufacture of a medicament for the 

3 0 prevention or treatment of atherosclerosis. 

The compound of the Invention may be administered in a variety of 
ways including orally, parenterally or transdermally using conventional forms 
of preparations, such as capsules, tablets, granules, powders, suppositories, 
injections, patches, suspensions and syrups. The term "effective amount" 
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means an amount of compound of the invention whicli is capable of lowering 
semm total or LDL cholesterol levels or increasing serum HDL cholesterol 
levels. The compound of the invention may be administered according to the 
method of the invention monthly, weekly or daily or several times a day 
5 depending upon the patient's needs. A typical daily oral dosage Is within the 
range of from about 0.5 mg to about 1 000 mg, preferably from about 10 mg to 
about 800 mg, of the active compound. However, the dosage may be properly 
varied depending on the age, body weight and conditions of the patient as 
well as on the administration method. The compound of the invention may be 
1 0 administered alone or together with other active compounds. 

The compositions according to the invention can be prepared by the 
methods commonly employed in the art. In addition to the active compound 
the compositions may contain pharmaceutlcally acceptable additives 
commonly used In the art, such as caniers. binders, excipients, lubricants, 
1 5 suspending agents and diluents. The amount of the active compound m the 
compositions of the invention Is sufficient to produce the desired therapeutical 
effect, for example about 0.5 to 1000 mg, preferably a4>out 10 mg to 800 mg, in 
unit dosage for both oral and psu^nteral administration. 

The folfowing examples illustrate the synthesis of the compound of the 
2 0 invention. 

EXAMPLES 

Example 1. 

Z-2-[4-(4-chloro-1 ,2-diphenyl-but-1 -enyl)phenoxy]ethanol 
(i) Z-4-[4-(2-benzyloxyethoxy)-phenyl]-3.4-diphenyl-but-3-en-1 -oi 

2 5 The reaction vessel was charged with toluene (790 ml), 48 % aqueous 

sodium hydroxide (790 mO, tetrabutylammonium bromide (2.12 g, 6.6 mmoO 
and Z-4-(4-hydroxy-1,2-dlphenyl-but-1-enyl)-phenol (50 g, 0.16 mol) prepared 
by the method described by United States Patent 4,996,225. The mbcture was 
refluxed for 30 minutes. Benzyl-(2-bromoethyl)ether (Grobelny D. et al., 

30 Tetrahedron Letters 28, 2639-42, 1979) (41.7 g, 0.19 mol) was added to the 
reaction mbcture and the refluxing was continued for 2 hours. Then the 
mbcture was cooled to room temperature, layers were separated and aqueous 
phase was washed with toluene. Toluene phases were combined, washed 
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with water, dried and evaporated to dryness. The residue was used in the 
next stage without further purification. 

1 H NMR (300 MHz. CDCI3): d 1 .2 (1 H, t, OH), 2.8 {2H, t, CH^-C^). 3,6 
(2H, dt, QtigOHh 3.7 (2H, t, fiti^OBn). 4.0 {2H, t. CHgOPh). 4.6 (2H, s, 
5 QCHgPh). 6.6 (2H, d. H-PhO), 6.8 (2H. d. H-PhO), 7.1-7.4 (15H. m, H-Ph). 

(11) Z-1 -[4-(2-ben2yloxyethoxy)-phenylH-chloro-1 .2-diphenyl-but-1 -ene 

Z-4-[4-(2-benzyloxyethoxy)-phenyl]-3,4-diphenyl-but-3-en-1-ot 
prepared in the previous stage was dissolved in acetonitrile (400 ml). 

1 0 Triphenyl phosphine (103.5 g. 0.4 mol) and tetrachloromethane (120 g, 0.79 
mol) were added and the mixture was refluxed for 2 hours. Then the mixture 
was evaporated to dryness under reduced pressure. The residue was 
dissoh^ed in methanol (160 ml) and water (40 ml) and extracted three times 
with petroieum ettier (3 x 200 ml) at boiHng point: Petroleum ether layers were 

1 5 combined and evaporated to dryness under reduced pressure. The residue 
was crystallized twice from ethanol (700 ml). Yield 36 g. 

1 H NMR <300 MHz, CDCI3): d 2.9 (2H. t, Qtig-C^h 3.4 (2H. dl, CHgCI), 

3.7 (2H. t. CtJ^OBn). 4.0 (2H, t. CtfeOPh), 4.6 (2H, s, OCH^Ph). 6.6 (2H, d, H- 
PhO), 6.8 (2H. d, H-PhO), 7,1 -7.4 (1 5H. m, H-Ph). 

20 

(iii) Z-2-[4-(4-chloro-1 ,2-diphenyl-but-1 -enyO-phenoxyJ-ethanol 

Z-1-[4-(2-benzyioxyethoxy)*phenyl)*4-chloro-1 ,2-dlphenyl-but«1 -ene 
(36 g, 0.08 mol) was dissolved in the mixture of ethyl acetate (350 ml) and 
ethanol (350 ml). Palladium on carbon (5%, 0.28 g) was added and the 
25 solution was flushed with hydrogen gas until there was not any starting 

coiT^ound left (thin layer chromatography). Palladium on carbon was filtered 
off through siliceous earth and the filtrate was evaporated. The residue was 
crystallized from the mixture of ethanol (155 ml) and water (65 ml). Yield 20 g. 

lH NMR (300 MHz. CDCI3): d 2.9 (2H. t, CHg-C^), 3.4 (2H. dt. CHoCI), 
3 0 3.84-3.89 (2H. m, QHgOH), 3.92-3.96 (2H, m. QHgOPh). 6.6 (2H. d, H-PhO). 

6.8 (2H. d, H-PhO). 7.1-7.4 (lOH, m. H-Ph). 



The effect of Z-2-[4-(4-chloro-1,2-diphenyl-but-1-enyl)phenoxy]ethanol 
in lowering serum cholesterol levels is demonstrated by the following 
experiments. 
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In vivo stMdy in rat? 

in this study adult female Spraque-Dawiey rats were used. The 
compound of the invention was dissolved into vehicle (148 mM NaCI, 2.9% 
5 Magrocol 3000, 0.19% Tween 20) at different concentrations (0.5-10 mg/ml). 
The animals were dosed once daify with the solutions (1 ml/kg) by oral 
gavage for 28 days. The control animals received mere vehicle. The final dally 
doses of the compound of the invention were 0, 0.5, 1 , 5 or 1 0 mg/kg. At the 
end of the treatment period blood samples were collected by heart puncture 
1 0 from anesthetized animals. The separated serum samples were analyzed for 
cholesterol, cholesterol precursor molecules and selected phytosterols by gas 
chromatography (N4lettlnen T.. J. Lipid. Res. 29, 43-51 , 1988). 

The results are shown in Table 1 . The test compound decreased 
serum total cholesterol level by 34% at the highest dose level. The relative 

1 5 phytosterol content sdso decreased slightly at the highest dose level (e.g. p- 

shosterol level by 20%, Table 1). There was no significant changes in serum 
squalene or precursor sterol conterit, except in the relative lathosterol content 
that increased by about 50% (Table 1). 

A preiiminaiy data from a 3-month rat study supports the concept that Z- 
20 2-[4-(4-chloro-1^-dlphenyl-but-1-enyl)phenoxy]ethanol is a potent serum 

cholesterol lowering agent: dally dose of 0.5 or 2 mg/kg decreased serum total 
cholesterol level by 15-25 or 30-40 %, respectively. 

TABLE 1. Effect on serum total cholesterol. lathosterol and b-sitosterol content In female 

2 5 rat after 4 weeks oral administration. The values (mean ± SEM) are Indicated as per cent of the 

control values 



30 



35 



Dose (nig/kg) 



Cholesterol 



0,5 
1 

5 

10 



90.7± 8.4 
91,1± 5.0 
89.0± 7.5 
65.7± 7.0* 



l-athosterol® 



B-Sitosteroia 



78.3± 2.3 
87.2±10.3 
80.1±16.8 
146.6±14.7' 



106.0±7.6 
90.6±6.4 
90.9±6.5 
79.6±1.0* 



^ Values relative to the cholesterol content 
* = 2p<0.05 



wo 97/32574 

6 

Cholesterol biosynthesis study 
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TTie effects on cholesterol biosynthesis were also studied in vitro in Hep 
G2 cell cultures using ^"^C-acetate as cholesterol precursor. The test 
compound was added Into the culture medium at concentrations from 0,001 to 
5 5 micromolar. After 2 hours the the culture was stopped and the newly 
synthetized cholesterol was quantitated by thin-layer chromatography. 

In the in vitro cell culture system used the test compound did not inhibit 
cholesterol biosynthesis directly. 

Phase I clinical study 

10 In a phase I clinical double blind study the test compound was given 

perorally to healthy postmenopausal women dally for 12 weeks followed by a 
2-weeks recovery period (10 subjects at each dose level). The doses used 
were 25, 50, 1 00 and 200 mg and serum Itpide values were analyzed at 2 
weeks Inten^als. Serum total cholesterol and HDL cholesterol content was 

1 5 detemiined by an enzymatic PAP-method, HDL cholesterol after PEG- 
precipitation. LDL-cholesterol values were cateulated. 

in the phase I clinical study at the dose level 200 mg the serum total 
cholesterol level decreased significantly (p<0*02) from 2 weeks onwards and 
the maximal decrease was about 12% from the baseline. The decrease in 
20 serum LDL level was even more pronouced (p<0.003): the decrease was 
maximally 22% from the baseline (dose level 200 mg). The test compound 
tended also increase HDL-cholesterol level, the increase was significant at 
the 200 mg dose level (an 10% increase over baseline, p<0.04). The serum 
HDL/LDL cholesterol ratio tended to increase and this increase was highly 

2 5 signif teant (p<0.0001 ) at the 200 mg dose level. During the recovery period 

the lipide values returned to the baseline level. No significant changes were 
seen in the placebo group. 

Discussion 

The mechanism by which the test compound decreases serum 

3 0 cholesterol content can be either direct Inhibition of cholesterol biosynthesis, 

an effect on serum lipoprotein metabolism or an effect on cholesterol 
absorption from the gut, or some combination of these mechanisms. 
According to the present data a direct biosynthesis inhibition seems unlikely. 
A direct biosynthesis inhibition is not strong at the post*squalene stages of the 
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pathway as the accumulation of precursor sterols Is minimal at the doses 
studied. The decrease in p-sitosteroi level may indicate that cholesterol 
absorption is slightly impaired. 

The human data suggests that Z-2-[4-(4-chloro-1.2-diphenyl-but-1- 
5- enyl)phenoxy]ethanol has beneficial lipid effects in clinical use: the 

cholesterol levels and especially harmful LDL-cholesterol level decrease 
markedly. In addition, an increase in the protective HDL-cholesterol level was 
noticed. In summary, the test compound is likely to Inhibit or slow down the 
process of atherosclerosis in clinical use. The precise mechanism of action of 
1 0 the compound is to be elucidated witti further experimentation. 
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1. Use of 2-2-[4-(4-chloro-1,2-diphenyl-buM-enyl)phenoxy]ethanol In the 
manufacture of a nnedicament for use in lowering serum total or LDL 

5 cholesterol levels or Increasing serum HDL cholesterol levels. 

2. A method of lowering serum total or LDL cholesterol levels or 
increasing serum HDL cholesterol levels, which method comprises 
administering to a patient in need of such treatment an effective amount of Z- 
2-[4-(4-chloro-1.2-diphenyl-but-1-enyl)phenoxy]ethanol. 

10 3. A pharmaceutical composition for use in lowering serum total or LDL 
cholesterol levels or increasing serum HDL cholesterol levels comprising an 
effective amount of Z-2-[4-(4-chloro-1,2-diphenyl-but-1-enyl)phenoxy}ethanol. 

4. A composition according to claim 3 which comprises a pharmaceuticaily 
acceptable canier. 

15 5. Use of Z-2-I4-(4-chloro-1 .2-diphenyl-but-l -enyl)phenoxy]elhanol in the 
manufacture of a medicament for the prevention or treatment of 
atherosclerosis. 



INTERNATIONAL SEARCH REPORT 



Inter. ml AppUcAiion No 

PCT/FI 97/00140 



A. CXASStHCATION OP SUBJECT MATTER 

IPC 6 A61K31/085 



Accontot to Intemaqonat P«unr Oasafication (IPQ or tn both n«ttcnri dtsvfieabon an4 IPC 



B. FIELDS SEARCHED 



Minmum documentation scardMd (classification system followtd by dasaficAlion symbols) 

IPC 6 A61K 



Documenuaoo searched other than minunum documentation to the extent that such documents are mduded in the fiddi searched 



Efoctrone data base consulud during fte tniemational seaich (narae ol dau base and^ where practical, search lem 



C DOCUMENTS CX)N51DERED TO BE RELEVANT 



Catefory 



ataticn of document, with nulicatwn, where apptopriaie. of the rdcvam p 



Rdevant to datm No. 



CANCER CHEMOTHER. PHARMACOL. , 

vol. 27» no. 1, 1999, 

pages 8-12. XPOe0675248 

L. KAN6AS: •Biochemical and 

pharmacological effects of toremifene 

metabolites." 

cited in the application 

see the whole document 

J. CLINICAL ONCOLOGY, 

voK 13. no. 12. 1995. 

pages 2908-2905. XPO00675382 

H. 6YLLING ET AL.: "Tarooxifen and 

toremifene lovier serum cholesterol by 

inhibition of delta 8-cholestenol 

conversion to lathosterol in women with 

breast cancer." 

see the whole document 



1-5 



1-5 



I Ptatho* documcna are listed m the coMmuaiicsi of boK 



□ 



Patent famtfy membos arc hsted la annex. 



Special caxe|ohes oi cited documents : 

'A' document defining d»e fcncnl state of the ait wMch n not 

consdered to be of partkidar idtvaace 
*F eariier rtontmewt but |nrf<idiftl on or after ih» fa-wtti^^ 

filinf date 

*L* dnoimcm which may throw doubts onpiicoty tImitdA or 
whidi is dted lo establish the puUicnbco date ofModicr 
dtaiiott or other spedal reason (as *pttififd} 

O* docsmemrefamnf toaaoralditdetw«.uN,cxhjtaittoBer 
other means 

P* docu m e nt published prior to the intematicnd filing date but 
later than the pdority date daimed 



later doctmMm publiM alter the international fUins 
or pnonty dace and not te conflict with the appbcanoa but 
^ ^ tinderstand the principle or theory undolymt the 



^ documcac of pvticular reUvanoe; the daixned invention 
cannoc be oonsdcred novd or cannot be considered to 
mvohw an miMive step when the doetimciA is lakes alone 

•Y" docunwat of particular relevance; the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or moie other sudi docu* 
fhcnis, sttch comfainalioa bctng oinious to a person lidlted 
in the art> 

*A' document awnbtf of die same palcallamily 



Date of the actual con^clion €if the iaicmaiional search 

12 June 1997 



Date of matlint of the intemttfenal scaieh lepoit 

27.06.97 



Name and maiUnt address of the ISA 

Eurc^>ean Patent OfGce, P3. 5SU Patendaan 2 
ML . 22B0 HV Rijswi^ 
TeL (+ 31.70) 340.2040^ Tx. 31 651 epo ol, 
Fa« (-1-31.70) 340-3016 



Authorized officer 



Klaver, T 



Form PCT.tSAQIQ (MctiAd shnt) CJwly IM3) 



